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Abstract 
The importance of public acceptance within the decision-making process for large-scale, 
municipal water projects is widely understood and documented. In order to assess the role 
of public perception on the acceptance of alternative water sources, this paper broadly 
evaluates public preference for alternative water source and water conservation programs 
through a user-based approach. Choice-based conjoint analysis was utilized as a 
quantitative method to determine which design attributes make alternative water sources, 
specifically desalination and recycled water facilities, more appealing to communities. An 
online survey was taken by 306 respondents in California, Florida, and Texas. 
Respondents were analyzed on an aggregate level to identify overall perception of, 
familiarity with, and preference for desalinated and recycled water. The results indicate 
significant importance placed on specific attributes such as cost and environmental 
impact, as opposed to the water program type and location of the proposed facility. 
Findings based on subpopulations of respondents suggest that preference between water 
program types were fairly consistent among different demographics, but varied on 
characteristics such as increased familiarity and perceived reliability of currently provided 
tap water. 
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Chapter 1 
 
Introduction 
 
Understanding stakeholder needs and values is essential to the development of large-scale 
municipal infrastructure. This is crucial in creating comprehensive programs that will 
stand the test of time, while reliably servicing the community. This study has taken a user-
centered approach, focusing on understanding stakeholder perception of programs aimed 
at reducing water shortage, specifically alternative water sources, and the factors that 
influence their likelihood of adoption and usage. This study comes from a design 
perspective in order to map out important program characteristics within alternative 
water source and water conservation programs. This is just one piece of the puzzle in 
program design, and while this study does not delve into topics such as specific facility 
organization and operation, it is the first step in understanding critical criteria around 
which facility design can be formulated. 
 
Desalination and recycled water have been proposed as an alternative to traditional water 
supplies, such as imported water piped from outside sources, and water conservation 
programs aimed at addressing water shortage on the side of consumption. To gain context 
and understand the process of new facility adoption, as well as adoption of water 
conservation and management projects in general, interviews with various participants – 
ranging from private developers and water utilities to permitting agencies and local 
governments – were conducted. Interviews with twenty-one individuals were done in 
person and/or over the phone. These individuals spanned across different disciplines and 
roles – general public (5), private developer (1), utility (2), and policy/government 
agencies (13) – and geographical areas in the U.S – Massachusetts, California, New York, 
and Florida. 
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Interviews revealed numerous complexities in the water project adoption, specifically 
alternative water source adoption. And proposed facilities varied not only in physical 
design constraints, but also in the assortment of permitting agencies and stakeholders 
involved. Differing priorities among these groups led to opposing preferences in facility 
technology and design. Water Quality Control Boards, for example, were mainly 
concerned with intake and discharge, while the Coastal Commission focused on 
construction and energy consumption.  
 
Moreover, the public was often skeptical about adoption alternative water sources and/or 
constructing large infrastructure. This led to long and arduous public hearings in which 
permitting authorities were required to review public comments. In the case of 
desalination especially, environmental groups have brought lawsuits against the proposed 
facility to hinder adoption. Due to conflicting values and design constraints, multiple 
iterations of permit applications were often required before a universally accepted design 
was chosen.  
 
The need for iteration and cross-communication between stakeholders increase the time 
and cost of adoption, while the assortment of agencies and stakeholders influence the 
chosen facility design. To understand stakeholder perspectives and bridge the gap between 
community values, private developers, and permitting agents, this study was designed to 
determine existing values and design preferences for a specific stakeholder group - the 
public. 
 
In this thesis, public perception of alternative water sources is measured against 
perception of more traditional responses to water shortage, including imported water and 
water efficiency programs. Previous research has delved into technologies that improve 
facility efficiency for desalinated and recycled water, which is incredibly useful in 
determining the potential these sources have in fulfilling community water needs. 
However, public perspectives on these alternative water sources can influence whether a 
community would even be open to adopting such technologies. This study addresses this 
concept through three main research questions: 
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1. How can we assess differences in public perception of alternative water sources? 
2. What design attributes are most valued when choosing an alternative water source 
programs and how does this compare when choosing amongst a broader set of 
traditional water source and conservation programs? 
3. What is the relationship, if any, between people’s preference and their familiarity, 
willingness to use, and general perceptions of alternative water sources? 
 
Public adoption and water usage are dependent on many factors that influence the 
valuation of program appropriateness. Here we explore how preferred design attributes of 
alternative water source facilities are correlated to different levels of familiarity and 
knowledge of the programs, as well as other characteristics of the population. Based on 
initial interviews, we hypothesized that respondent openness to adopt alternative water 
sources, specifically desalination and recycled water facilities, would depend largely on 
financial cost of the program and familiarity, such that increased cost would correlate with 
low preference and increased familiarity would correlate with high preference for the 
program. 
 
Chapter 2 discusses related literature on desalination and recycled water, as well as 
conjoint analysis to measure respondent preferences. Chapter 3 introduces the design of 
an online survey used in this study. Chapter 4 reviews the results of the study, along with 
aggregated and individual preference models. Chapter 5 includes a summary of the 
results, as well as limitations in the study and future work. 
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Chapter 2 
 
Background 
 
 
2.1 Alternative Water Sources 
Studies have forecasted the severity of water scarcity and the growth of water stressed 
areas both globally and regionally [1,2]. Water shortage has led to greater efforts towards 
alternative water sources including desalinated and recycled water. For both water 
sources, applicability and feasibility is highly variable based on location, energy 
accessibility, and feedwater characteristics, among other attributes. But environmental 
resource management is complex – water and energy resources are tightly bound 
together, making changes in one affect the other [3].  
 
Much of current research focuses on critical technology-based issues by altering system 
architecture, optimizing plant design and operation [4, 5], enhancing membrane 
capabilities [6], utilizing alternative treatment methods such as nanofiltration [7,8], and 
characterizing fouling effects [9]. The use of renewable energy, including waste heat 
sources [10], solar thermal [11], and energy management for renewable integration [12], 
has been coupled with desalination in addressing concerns of high energy consumption 
and environmental impacts. Energy minimization [13], demand management [14], and the 
ability to scale-up renewable energy use [15] have also been researched with the aim of 
maximizing capacity at reduced energy requirements. In terms of environmental impact, 
past work has concentrated on studying the ecological effects [16] and carbon footprint 
[17,18] for both technologies. In addition, studies have examined the potential for 
alternative applications of these water sources for agriculture [19,20,21]. 
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Policy analyses have assessed different approaches to desalination [22,23,24,25], recycled 
water [26], and the general water-energy nexus [27]. Current research has delved into 
methods of comparing among different water technologies with the aim of identifying 
appropriate technologies for a given area. These studies have developed decision-making 
frameworks for regulators and communities to determine if alternative water treatment 
options are appropriate for an area based on financing, regulatory challenges, and public 
support, and impact on the water-energy nexus [28,29]. The use of system dynamics 
models, for example, were utilized in the determination of desalination or rain-dependent 
dam use in Australia according to different time horizons [30]. Similarly, general 
determination of water supply expansion was studied for a variety of cases in Texas [31]. 
 
2.2 Stakeholder and Public Perception 
Adoption of alternative water sources encompass a sociotechnical dimension that involves 
an array of stakeholders such as municipalities, private developers, government regulatory 
bodies, and the general public [32]. Research has highlighted the social dimension of 
alternative water sources and more broadly, water management and use practices 
[33,34,35,36,37]. Previous studies in Australia have focused on the public acceptance of 
desalinated and recycled water. Most notably, Dolnicar and Hurlimann have observed 
changes in preference for desalinated and recycled water between 2006 [38,39,40,41] to 
2010 [42]. These studies characterized profiles of desalination and recycled water 
acceptors among Australian residents. They found that acceptance correlated with 
population awareness of water scarcity, as well as prior experience with using alternative 
water sources. A study conducted by Huijts, et. al. determined that perceived costs, risks 
and benefits, distributive fairness, and positive/negative feelings in response to 
technology, trust, and procedural fairness were significant psychological factors in 
acceptance within the context of sustainable energy technology acceptance [43].  
 
The research presented in this thesis considered attributes and factors identified in these 
studies to assess stakeholder preferences and behavior of the public, thereby revealing 
important design characteristics for future proposed programs and facilities. 
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2.3 Conjoint Analysis 
In previous work on public perception of alternative water sources and water conservation 
programs, stated preference, or contingent valuation where participants explicate their 
preferences in response to a series of questions, was utilized in place of revealed 
preference based on direct market information. Ranking and favorability of water sources 
and usage were utilized as the main methods of stated preference. In this study, conjoint 
analysis was used in conjunction with these methods in order determine public 
preference. 
 
Conjoint analysis typically presents a controlled set of potential products, created by 
experimental design, with various combinations of attributes each consisting of numerous 
levels. On the level of aggregate populations, this is typically done for market research to 
classify how attributes of a potential product design are accepted by the population. Such 
analysis reveals market segmentations with higher preference for certain attributes 
[44,45]. Multinomial and mixed logit models are widely used in conjoint analysis and are 
utilized in this study. Hurlimann, et. al. utilized conjoint analysis to determine acceptance 
of recycled water for domestic non-potable use according to price, saltiness, color, and 
odor [46]. However, the study did not widely assess public preference among different 
water program attributes and water types. 
 
2.4 Research Gap 
Utilizing choice-based conjoint is a relatively unique approach in studying public 
perception within the context of large-scale municipal water programs. This work seeks to 
build on previous studies in a number of ways. First, this research presents choices across 
broad attribute levels and alternative water program types and focuses on geographically 
relevant areas within the U.S. Second, this study couples conjoint with more traditional, 
stated preference questions. 
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Chapter 3 
 
Methods 
 
 
3.1 Survey Design 
In order to investigate public perception of water projects, specifically alternative water 
source programs, an online survey consisting of six parts was designed and distributed. 
Part 1 consisted of questions aimed to gauge respondent familiarity with various types of 
water conservation efforts, as well as respondent perception of individual and community 
views of water conservation in general. Part 2 of the survey asked participants a series of 
choice-based conjoint questions assessing their preferences in water programs, given 
information on various attributes. Part 3 included questions on comparing respondent 
current tap water, desalinated water, and recycled water. Parts 4 and 5 asked questions 
specifically on participant perception on and previous experience with desalinated water 
and recycled water, respectively. Part 6 asked for basic demographic information. The 
survey structure is detailed in Table 3.1.1. 
 
Sequencing of each part was designed to reduce potential bias in preference as 
respondents proceeded through the survey. Questions on familiarity, for example, were 
placed at the beginning of the survey to avoid future biases after learning about different 
water programs. Similarly, parts 3 through 5 were placed as the end of the survey in order 
to prevent biases in respondent choices in the conjoint.  
 
 
 
  
 
 
20 
 
 
Part 1 Familiarity with Water Conservation, Management, and 
Alternative Water Sources: A four question section asking participants 
their views on water conservation in general, as well as their familiarity 
with various water conservation and management programs (including, but 
not limited to, programs tested in Part 2) 
Part 2 Choice-based Conjoint: A ten question section asking participants to 
vote for a water conservation or alternative water source program, 
assuming their community was in need of additional water supplies to 
combat the risk of drought. Respondents were asked to only consider their 
choice based on provided attributes. All options met regulatory standards 
and other site-specific constraints were stated to be not relevant. 
Part 3 Treated Water Comparative Preference: A four question section 
asking participants whether they agree or disagree with various statements 
on desalinated water, recycled water, and their current tap water. 
Participants were also asked to rate their likelihood of using each water 
type for different activities. 
Part 4 Views on Desalinated Water: A ten question section asking 
participants for their specific views on desalinated water. Respondents 
were asked to list their top three concerns and rate their opinion on 
desalinated water based on various benefit and cost criteria. In addition, 
respondents were asked to self-report their likeliness to vote in favor of 
using desalinated water in their community. 
Part 5 Views on Recycled Water: A ten question section asking participants 
for their specific views on recycled water. Respondents were asked to list 
their top three concerns and rate their opinion on recycled water based on 
various benefit and cost criteria. In addition, respondents were asked to 
self-report their likeliness to vote in favor of using recycled water in their 
community. 
Part 6 Demographics: A questionnaire asking demographic information 
including state of residence, gender, age, income level, field of study, 
highest degree earned, and occupation. 
Table 3.1.1: Survey Structure 
 
Three pilot surveys were conducted with twenty to thirty participants in each. Their 
comments and feedback regarding survey content, length, and wording were considered 
during revisions in the final survey. The survey was designed to take approximately 25 
minutes to complete. 
 
3.2 Attribute Identification 
In this study, six key attributes were identified to measure public perception of water 
conservation and alternative water source programs. These attributes were determined 
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based on a combination of commonly stated concerns within stakeholder interviews, as 
well as literature on alternative water sources. 
 
1. Water Program Type: Type of water program to be adopted in order to address 
community water risk 
2. Capacity: Total volume of water in million gallons per day (MGD) the proposed 
program can provide or save for the community 
3. Cost Increase: Percentage by which the price of water for consumers due to 
construction and operation of the program 
4. Effects on Environment and Aquatic Life: Amount by which the surrounding 
environmental and/or marine organisms are negatively impacted due to 
construction and operation of the program (all programs met environmental 
regulatory standards, but varied in their effect on the surrounding environment) 
5. Energy Consumption: Degree to which energy, taken from the existing 
electricity grid, is needed for construction and operation of the program per 
volume of clean water produced 
6. Location: Distance the program will be from your home 
 
Each attribute was varied on three to six different levels, which can be found in Table 
3.2.1. Capacity was described using MGD, million gallons per day, to allow participants to 
measure and compare community water needs with facility capacity. Cost increase 
experienced by consumers was based on range of potential prices consumers may 
hypothetically experience when adopting a water program, specifically desalination or 
recycled water facilities. Realistic scenarios for this attribute are highly variable due to 
diversity in water pricing and subsidy structures for these projects. Effects on 
environment and aquatic life utilized broad levels of low, mid and high, as there are many 
metrics for environmental impact (including, but not limited to lbs of fish/MGD, 
percentage of population decrease for criteria organisms, and total of organisms 
exterminated) that are contextual and unlikely to be well understood by the general 
public. Participants were told that all programs met required environmental compliance 
standards. 
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Respondents were taken through an informational section describing each attribute, along 
with corresponding levels, before the start of the conjoint questions. In addition, 
respondents were presented with the option of opening a pop up window with attribute 
descriptions as reference for the duration of the survey. 
 
Attribute Number 
of Levels 
Level Descriptions 
Program Type 4 
(1) Desalination Facility - facility treating 
seawater to remove salts and minerals 
(2) Imported Water - water piped from traditional 
sources located outside of the community 
(3) Recycled Water Facility - facility treating 
wastewater and sewage to remove solids and 
impurities 
(4) Water Efficiency Program - municipally-run 
programs such as leak detection and repair, 
improved irrigation, and water efficiency 
rebates and incentives  
Capacity 4 
(1) MGD 
(2) 10 MGD 
(3) 15 MGD 
(4) 20 MGD 
Cost 5 
(1) 5% increased cost for consumers 
(2) 10% increased cost for consumers 
(3) 15% increased cost for consumers 
(4) 20% increased cost for consumers 
(5) 25% increased cost for consumers 
Effects on 
Environment and 
Aquatic Life 
3 
(1) Low - Minimal impact on surrounding 
environment and/or aquatic life  
(2) Mid - Moderate impact on surrounding 
environment and/or aquatic life 
(3) High - High impact on surrounding 
environment and/or aquatic life 
Energy 
Requirements 3 
(1) Low - Low amount of energy consumed 
(2) Mid - Moderate amount of energy consumed 
(3) High - High amount of energy consumed 
Location 3 
(1) Close - Up to 5 miles from your home 
(2) Mid-Range - Up to 15 miles from your home 
(3) Far - Up to 30 miles from your home 
Table 3.2.1: Levels of Water Program Attributes 
 
To best mimic realistic choices, respondents were asked to consider a situation in which 
their community was considering a water conversation or alternative water source 
program. Their community was described as utilizing traditional water supplies, but 
required an additional 20 million gallons per day (MGD) of water to ensure the area was 
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prepared when drought hit. Three suitable profiles were proposed to the community, all of 
which meet regulatory standards, and respondents were prompted to choose which option 
they would vote for. The scenario also included a “None” option if respondents did not feel 
they would vote for any of the choices presented. 
 
This conjoint scenario, shown in Figure 3.2.1, was repeated ten times per respondent. 
Each scenario was designed using Sawtooth Conjoint Analysis Software, such that each 
respondent was presented with a random set of program profiles with varying attribute 
levels. In addition, the presentation order of the attributes was randomized between 
respondents to prevent biases due to question layout. 
 
From preliminary interviews with private developers and public water agencies, we 
hypothesized that respondent openness to adopt alternative water sources, specifically 
desalination and recycled water facilities, would depend largely on financial cost of the 
program. Furthermore, openness to adopt a particular type of program was hypothesized 
to depend on respondent familiarity, such that an increase in familiarity would lead to 
high preferences for the program. 
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Figure 3.2.1: Example Part 2 Survey Question 
 
3.3 Choice-Based Conjoint Data Analysis 
Choice-based conjoint analysis data was analyzed using a multinomial logit model with 
individual variables. This model was utilized to understand discrete stated preferences 
where individuals faced virtual situations of choice. The multinomial logit model was 
created using the mlogit package in R [47]. In addition, a Hierarchical Bayes (HB) 
estimation, which incorporated a Bayesian approach in a mixed logit model, was 
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conducted to compare consistency of results. HB estimations were determined using the 
RSGHB package in R [48]. 
 
Conjoint analysis data was analyzed using the following equation: 𝑉" = 𝛼"	 + 	 	'()* 	+,)* 𝛽(, ∗ 𝑥(,   (1) 
where  𝑉"= index of satisfaction for alternative s, 𝛼"	  = part-worth utility for the none 
option, 𝛽(, = utility coefficient for attribute i level j, 𝑥(, = dummy variable for attribute i 
level j, l = number of levels for the attribute, k = number of attributes. As previously 
discussed, the utility coefficient indicates respondent preference towards a specific level of 
an attribute. The part-worth of an alternative profile is the estimate from conjoint analysis 
of the overall preference associated with each level of each attribute used to define the 
alternative. The part-worth for a program in this study, 𝑉", is the sum of the utilities of all 
attributes. A higher part-worth represents a higher preference. When utilized to assess 
respondent choice, a program with a higher estimated part-worth will be chosen.  
 
The probability that an alternative is chosen is given by equation 2, where 𝑃" = probability 
of choosing alternative s, V = index of satisfaction, and m = number of alternatives. 𝑃" = 𝑒2"/ 	45)* 𝑒26	    (2) 
 
For the mixed logit model utilizing HB estimation, the utility for an individual with choice 
s alternatives is represented in equation 3: 𝑈" = 𝑉" + 𝜀"   (3) 
where 𝑈"= utility for the individual with choice s alternatives. Unlike the multinomial logit 
model, the vector of coefficient representing preference for each attribute, 𝛽	, in the mixed 
logit model follows a distribution and is not fixed. Here, the probability that an individual 
will choose alternative s is: 𝑃" = 			 𝑒2"/ 	45)* 𝑒26 	𝑓(𝛽)𝑑𝛽	   (4) 
 
Relative attribute importance, a measurement of the weight of each attribute, was 
determined by considering the extent to which utility differences within each attribute 
could influence the total utility of a program. The proportion of the difference, or range, of 
one attribute compared to the total range of all attributes is its relative attribute 
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importance. Attribute importance can be calculated using Equations 5 and 6, where 𝐼>	  = 
the importance of attribute x.  𝑅>	 = 𝑚𝑎𝑥(𝛽>) − 𝑚𝑖𝑛(𝛽>)   (5) 𝐼>	 = 𝑅>	 /		 		( 	(	, 𝑚𝑎𝑥(𝛽(,) − 𝑚𝑖𝑛(𝛽(,))  (6) 
 
It is important to note that conjoint analysis assumes alternatives consist of the group of 
listed attributes, overall utility of an alternative is a simple sum function of utilities of the 
attributes, and overall utility predicts respondent behavior. Within the multinomial logit 
model, respondent preferences are assumed to be the same, as they are aggregated into a 
single set of utility coefficients. In HB estimation, heterogeneity within individual 
preferences is accommodated when determining coefficient estimates. 
 
3.4 Demographics 
Part 6 consisted of various demographic questions to determine whether certain 
demographics preferred different water conservation or alternative water source program 
attributes. Demographic questions included specifications for respondent state of 
residence, gender, age, and income level. Respondents were also asked to indicate the 
highest degree attained, as well as their field of study and occupation. Because answers for 
field of study and occupation may be varied, responses to these questions were categorized 
according to Table 3.4.1. 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
27 
Field of Study  
Category Includes 
Social Sciences Anthropology, Economics, Education, 
History, Political Science, Public 
Policy, Psychology, Criminal 
Justice/Criminology, Library Science 
Science, Math, and Tech Architecture, Biology, Engineering (all 
types), Mathematics 
Business Management, Marketing, Sales, 
Finance, Business Operations 
Arts and Humanities Ethics, Foreign Language, Philosophy, 
Linguistics, Visual Arts, Music, 
Literature 
General N/A 
Health Science Pre-med, Dentistry 
Occupation  
Category Includes 
Business, Management, & Administration Administration/Office Support, 
Business and Financial Operations, 
Management, Sales, Self-employed 
Communications & Information Systems Art and Design, Media and 
Communications/Entertainment 
Engineering, Manufacturing, & Technology Production, Manufacturing, Scientist/ 
Technology (ex. biologist, chemist, 
environmental scientist) 
Health Science Technology Healthcare Practitioner, Health 
Technician 
Human Services Education, Legal Occupations, 
Military and Protective Service, 
Service 
Student N/A 
Unemployed/Retired Homemaker 
Table 3.4.1: Categories for Demographic Information: Field of Study and Occupation 
 
 
3.5 Survey Distribution 
The survey was distributed online using Qualtrics survey platform, as well as the Sawtooth 
hosting service for the conjoint questions. Amazon Mechanical Turk, a crowdsourcing 
internet marketplace that enables MTurk Workers to complete Human Intelligence Tasks 
posted by requesters. Respondents were confined to MTurk Workers with over 99% 
approval rate for all requesters. Furthermore, respondents were confined to adults within 
the states of California, Florida, and Texas, areas in the U.S. where the adoption of such 
water programs is more relevant. Participation in the study was voluntary and informed 
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consent was obtained at the beginning of the survey. Each respondent was compensated 
with $2.00 upon completion of the survey, approximately $4.60 per hour. The average 
time to complete the survey was 26 minutes. 
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Chapter 4 
 
Results 
 
 
4.1 Respondents 
A total of 392 respondents completed the survey. The data was filtered to remove 
responses that did not pass various screening criteria, leaving 306 approved responses for 
final data analysis. Criteria used for screening responses are described below: 
 
1. Response Time: Respondents who completed the survey in less than 8 minutes 
were categorized as low quality and rejected. 
2. Completeness: Respondent data was assessed based on total completeness of the 
survey. Incomplete questions were identified and rejected.  
3. Quality Control Questions: Three quality control questions were included to 
ensure respondents did not thoughtlessly provide answers. These questions were 
dispersed throughout different parts of the survey and included a fixed conjoint 
question and simple “please select ____ response” direction. In addition, a 
question from Part 1 was reintroduced in Part 3 to cross check whether 
respondents answered in the same way. Respondents that did not pass all 
questions were rejected. 
 
A summary of respondent demographics is shown in Table 4.1.1. Among the valid 
participants, there were 174 Females, 129 Males, and 3 respondents that selected Other or 
Prefer not to say. In terms of age, 75 respondents were between 18 and 24, 123 were 
between 25 and 34, 71 were between 35 and 44, 22 were between 45 and 54, and 15 were 
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above 55. It’s unclear why the distribution of respondents tended to be younger in age. A 
possible explanation is that the population sample of MTurk Workers is heavily skewed 
towards a younger demographic. 
 
State Number Gender Number 
California 123 Male 129 
Florida 93 Female 174 
Texas 90 I'd prefer to not 
respond/Other 
3 
Age   Field of Study   
18 - 24 75 Arts and Humanities 25 
25 - 34 123 Business 47 
35 - 44 71 General 52 
45 - 54 22 Health Science 28 
55 - 64 15 Science, Math, and 
Technology 
86 
  Social Sciences 68 
Occupation   Income   
Administration/Office Support 28 Less than $10,000 62 
Art and Design 11 $10,000 - $19,999 28 
Business and Financial 
Operations 
19 $20,000 - $29,999 43 
Education 34 $30,000 - $39,999 29 
Healthcare Practitioner or 
Technician 
23 $40,000 - $49,999 33 
Legal Occupations 6 $50,000 - $59,999 36 
Management 19 $60,000 - $69,999 21 
Media, Communications, and 
Entertainment 
9 $70,000 - $79,999 12 
Military and Protective Service 5 $80,000 - $89,999 11 
Production and Manufacturing 8 $90,000 - $99,999 5 
Sales 16 $100,000 - $149,999 22 
Science/Technology 45 More than $150,000 4 
Self-employed 7    
Service 9    
Student 32    
Unemployed/Retired 35     
Table 4.1.1: Respondent Demographics  
(Total Respondents = 306) 
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4.2 General Perception on Water Conservation 
Respondent overall perception on water conservation was measured through a series of 
questions asking the extent to which participants agreed or disagreed with various 
statements, shown in Figure 4.2.1. Chi-squared tests disclosed that respondent state of 
residence correlated strongly with statements on the importance of water conservation to 
the community (p-value = 0.00599) and whether the community is in risk of water 
shortage (p-value = 0.000499). A low p-value (also called Pr value), the probability of the 
observed value, represents high statistical significance. 
 
In both cases, a higher percentage of residents of California believed water conservation 
was important to their community and their community was in risk of water shortage 
compared to residents of Florida and Texas (see Appendix). This may be due to the 
current state of water availability in the area. According to the U.S. Drought Monitor, 
California had some presence of abnormally dry (D0) and moderate drought (D1) areas at 
the time of survey distribution [49]. 
 
 
Figure 4.2.1: Comparative Perceptions on Water Conservation Statements 
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4.3 General Perception of Alternative Water Sources 
Participants were asked to rate their overall familiarity with desalination and recycled on 
two occasions, once at the beginning before answering any other questions and again at 
the end of the survey to check for consistency. Based on their responses, approximately 
38% of respondents indicated familiarity with desalination (“I am very familiar and have 
studied or worked on it before” or “I know the basics of this and how it works”), while 
approximately 53% of respondents indicated familiarity with recycled water (see 
Appendix).  
 
Respondents, when prompted to list their top three concerns on the adoption of a 
desalination or recycled water facility in their community, provided answers that fell 
under ten main categories listed below: 
1. Financial concerns 
2. Water quality and safety (ie. health risks, taste, odor) 
3. Location 
4. Capacity supplied and water need 
5. Environmental impact (ie. aquatic life impacts, noise pollution) 
6. Energy requirements 
7. Facility-specific concerns (ie. facility ownership, equipment, construction time) 
8. Efficiency, reliability, and feasibility 
9. Community-related impacts (ie. creation of jobs, traffic) 
10. Other (ie. ability to use water for alternative uses outside drinking and “I don’t 
know”) 
 
The percentage of respondents stating concerns within these categories for the alternative 
water sources are shown in Figure 4.3.1. Respondents expressed significant concern 
regarding health risks and water quality for recycled water compared to desalinated water 
(86% of respondents listed water quality and safety as a main concern for recycled water, 
while 40% of respondents listed water quality and safety for desalinated water). This 
suggests there may be a lack of knowledge of recycled water facilities, for both  
desalination and recycled water facilities achieve similar degrees of water quality and 
potentially utilize similar technologies utilized to treat the feedwater. There exists a bias 
against recycled water with respect to quality and safety, perhaps due to its association 
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with wastewater. More detailed studies would need to be conducted to tease out specific 
reasons for and determine ways to address this bias. 
 
Participant answers also revealed greater public concern for desalinated water within the 
categories of finance, environmental impact, location, and energy requirements. 
Environmental impact especially was listed within top three concerns with 75% of 
respondents expressing concern for desalination and 54% for recycled water. Respondent 
concerns regarding location were unexpectedly greater for a desalinated water facility 
compared to a recycled water facility too. Reasons for this are unknown and further 
investigation needs to be done to determine what negative characteristics related to 
location are found within desalination facilities, but are not present for recycled water 
facilities. 
 
 
Figure 4.3.1: Comparative Concerns for Desalinated and Recycled Water 
 
To better compare public perceptions for alternative water sources, respondents were 
asked to agree or disagree with a series of statements for desalinated, recycled, and their 
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currently provided tap water, shown in Figure 4.3.2. Overall, these results support 
previous findings that desalinated water is viewed as expensive energetically and 
financially, yet reliable, and recycled water is viewed as unsafe to drink, but 
environmentally friendly. At first glance, respondent concerns regarding environmental 
impact of desalination in the open-ended question seem contrary to the 71% of 
respondents viewed desalinated water as environmentally friendly. However, a smaller 
percentage of respondents still perceived desalinated water as environmentally friendly 
compared to recycled and current tap water. 
 
Compared the current water sources, respondents perceived desalinated water to be 
slightly more reliable and safe to drink. Furthermore, a higher percentage of participants 
viewed recycled water as more environmentally friendly. A greater percent of respondents 
believed recycled water is likely to be adopted by their community compared to 
desalination, which was surprising. This reveals the complexity in perception of adoption. 
These results indicate respondents may not directly link likelihood of adoption with 
characteristics, such as water drinkability and reliability, where desalinated water is 
viewed more favorably.  
 
 
Figure 4.3.2: Comparative Perception of Different Water Types 
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Chi-squared tests among demographic information and respondent answers to this set of 
questions revealed that a larger percentage of participants in Florida and California 
believed desalination is likely to be adopted compared to participants residing in Texas 
(see Figure 4.3.3). 
 
 
Figure 4.3.3: Comparative Perceptions on Likelihood Desalination Adoption  
(p-value = 0.0009995) 
 
4.4 Likelihood of Use of Alternative Water Sources 
To assess the likelihood of acceptance on an individual level, as opposed to overall views 
on community adoption, respondents were asked to indicate their willingness to use an 
alternative water source for different applications on a four point Likert scale from “very 
unlikely” to “very likely.” Figure 4.4.1 illustrates the proportion of respondents indicating 
likeliness (“very likely” or “somewhat likely”) to use the alternative water source for the 
specified application.  
 
Overall, the likelihood of use for current tap water respondents currently receive seemed 
higher than that for both desalinated and recycled water. Furthermore, there was less 
variation within respondent likeliness in the use of all types of water for applications 
further from the body. A higher variation between types of water was more prominent in 
activities such as cooking and drinking that were closer to the body. The range of 
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likelihood of use for desalinated water was lower than that of recycled water, suggesting 
higher overall uniformity in willingness to use desalinated water on the basis of activity. 
 
The results indicate that respondent likelihood of use for recycled water seems to decrease 
as the proximity of use application became closer to the human body. A larger percentage 
of participants were willing to use recycled water for applications such as watering the 
lawn at 77% and watering the garden at 83%, but this willingness to use recycled water for 
dropped to 39% and 30% when considering recycled water for cooking or drinking, 
respectively.  
 
 
Figure 4.4.1: Likelihood of Use According to Water Type 
 
Desalinated water appeared to follow a less stark trend. Likelihood of use for desalinated 
water was highest for relatively mid-range activities including washing clothes (88%) and 
bathing/showering (85%). However, this likelihood was lower for applications that were 
comparatively further or closer to the body. Comments from participants suggest the 
lower willingness to use desalinated water for further close-to-body applications such as 
watering the lawn and garden may be due to the large amount of water required for the 
activity and the high cost of desalinated water. Yet this does not explain why likeliness of 
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use was lower for close-to-body applications and the survey did not include questions to 
further examine this reason.  
 
To establish a clearer profile of respondents more open to accepting an alternative water 
source, as indicated by their willingness of use for these activities, respondents were 
organized based their Likert scale answers. Respondents were scored across their stated 
likelihood of use. A score of 2 was assigned to respondents indicating they were “very 
likely” use the stated water source for the given activity, a 1 for “likely,” -1 for “unlikely,” 
and -2 for “very unlikely.” The summation of their scores for desalination and recycled 
water determined their overall acceptance score for the water type. 
 
A higher score represented a high acceptance while a lower score represented a low 
acceptance. It is important to note that these scorings, while useful in categorizing 
respondents for acceptance, do not directly indicate likelihood of acceptance or adoption, 
for the survey did not include an assessment of respondent real-life behavior. Rather, they 
are a useful metric in determining general openness to accepting the alternative water 
source. 
 
The profile of strong acceptors for desalinated water was not strongly correlated with the 
profile of acceptors for recycled water. The scatterplot in Figure 4.4.2 illustrates that there 
is a slight positive correlation between these two groups, and a chi-squared test between 
respondent acceptance scores (p-value = 0.001) supports this correlation. However, the 
spread of data is still quite large, and the r-squared value for the trend line is small. This 
suggests that those more open to using desalinated water were not the same respondents 
that were more open to using recycled water. In addition, the data seems to signify that a 
greater proportion of respondents scored positively for acceptance of desalinated water 
compared to recycled water. 
 
Among acceptors, ANOVA tests revealed a slight correlation between age and overall 
acceptance score for desalinated water (Pr value=0.0417). Respondents between the age of 
18 and 24 were less open to using desalinated water overall compared to respondents 
above the age of 24. There were no other correlations for each water type between 
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respondent overall acceptance scores and demographic information, including state of 
residence, gender, occupation, income, highest degree earned, and field of study.  
 
 
Figure 4.4.2: Profile of Desalinated Water Acceptors and Recycled Water Acceptors 
 
However, there were some correlations between demographic information and answers to 
different water use applications. Similar to overall acceptance, acceptance of desalinated 
water correlated with age when considering its use for bathing/showering (Pr value = 
0.0086) and cooking (Pr value = 0.0225). Those between 18 and 24 were less open to 
using desalinated water for these specific purposes, which likely attributed to the 
correlation between age the overall desalination score. In addition, acceptance of recycled 
water for drinking correlated with field of study (Pr value = 0.0143). Likelihood of use was 
lower for respondents in business and health science compared to other fields of study.  
Reasons for these correlations are unknown and further investigation is needed to 
understand variations of likelihood of use between groups. Box plots illustrating 
correlations are shown in the Appendix. 
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4.5 Aggregated Preference Model 
In this study, an aggregated preference model was created to understand public 
perception of different water conservation or alternative water source programs based on 
answers from the conjoint questionnaire. The model was used to identify the most 
important attributes that influence public choice when asked to vote for their most 
preferred program and reduce negligible attributes and levels. The aggregated preference 
model was based on a multinomial logistic regression, a linear regression analysis where 
the dependent variable is nominal with numerous levels. This predictive assessment can 
disclose relationships between one dependent nominal variable and a continuous 
independent variable.  
 
Because this study utilized choice-based conjoint, respondents received a randomized 
questionnaire such that water program choices were varied between questions, also 
known as tasks, and between respondents. The data was organized using R in order to 
differentiate the tasks presented to each respondent, the level of attributes presented to 
the respondent for each choice profile within each task, and the choice profile the 
respondent ultimately made. A dummy variable was created to distinguish what 
information was presented to the respondent. The model calculates relative coefficient 
estimations for attribute levels and outputted estimations for n-1 levels for each attribute. 
A list of attribute levels and their corresponding estimated coefficients from the 
aggregated preference model are summarized in Table 4.5.1. A higher mean coefficient 
estimate indicates increased relative preference respondents had for the attribute level.  
 
Coefficient estimates are zero-centered. Thus, the last level for each attribute (Program 
Type: Water Efficiency, Capacity: 20 MGD, Cost: 25% Increased Cost for Consumer, 
Environmental Impact: High, Energy Requirements: High, and Location: Far (>30 miles)) 
is calculated by taking the negative sum of the other attribute levels.  
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Main Attribute Levels  Mean 
Std. 
Error t-value 
Pr 
(>|t|) 
None -0.191 0.057 -3.365 0.001 
Program Type: Desalination Facility 0.148* 0.047 3.123 0.002 
Program Type: Imported Water -0.212* 0.049 -4.308 1.65e-05 
Program Type: Recycled Water Facility -0.052 0.048 -1.073 0.283 
Capacity: 5 MGD -0.640* 0.055 -11.598 < 2.2e-16 
Capacity: 10 MGD -0.049 0.048 -1.037 0.300 
Capacity: 15 MGD 0.227* 0.046 4.902 0.949e-07 
Cost: 5% Increased Cost for Consumer 0.964* 0.052 18.552 < 2.2e-16 
Cost: 10% Increased Cost for Consumer 0.529* 0.053 9.994 < 2.2e-16 
Cost: 15% Increased Cost for Consumer 0.089 0.054 1.635 0.102 
Cost: 20% Increased Cost for Consumer -0.507* 0.059 -8.580 < 2.2e-16 
Environmental Impact: Low 0.923* 0.038 24.404 < 2.2e-16 
Environmental Impact: Mid 0.241* 0.038 6.287 3.24e-10 
Energy Requirements: Low 0.369* 0.038 9.591 < 2.2e-16 
Energy Requirements: Mid 0.129* 0.039 3.343 0.001 
Location: Close (<5 miles) -0.019 0.040 -0.468 0.640 
Location: Mid-Range (<15 miles) 0.004 0.041 0.096 0.924 
Table 4.5.1: Multinomial Logit Model Coefficient Estimates for Attribute Levels 
Likelihood ratio test=2832.5 
(Note: Coefficients that are significant on a 0.05 level are marked with *) 
 
Interactions, shown in Table 4.5.2, were also incorporated into the main model when 
estimating main attribute level coefficients. Relevant Interactions were determined by 
comparing estimate coefficients for different combinations of attribute levels. There were 
similar log-likelihoods and Akaike information criterion (AIC) between iterations of model 
refinements. Only significant interactions were incorporated into the final model used to 
calculate coefficient estimations. Significant interactions (Pr value < 0.05) indicate that 
the combination of two attribute levels within a single profile resulted in differences in 
respondent preference compared to profiles where the attribute levels were presented 
alone.  
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Interactions Mean 
Std. 
Error t-value 
Pr 
(>|t|) 
Desalination Facility x Low Energy 0.113* 0.053 2.117 0.034 
Recycled Water Facility x 5% Increased Cost to 
Consumer -0.163* 0.069 -2.343 0.019 
Recycled Water Facility x Mid Energy -0.150* 0.055 -2.742 0.006 
5 MGD Capacity x Low Environmental Impact -0.163* 0.060 -2.737 0.006 
15 MGD Capacity x Mid Energy -0.129* 0.051 -2.524 0.012 
Low Environmental Impact x Low Energy 0.151* 0.052 2.929 0.003 
Low Environmental Impact x Close  
(<5 miles) Location -0.191* 0.058 -3.305 0.001 
Low Environmental Impact x Mid-Range (<15 
miles) Location 0.126* 0.059 2.141 0.032 
Mid Environmental Impact x Low Energy 0.208* 0.055 3.811 1.38e-04 
Table 4.5.2: Logit Model Interactions Coefficient Estimates 
Likelihood ratio test=2832.5 
(Note: Coefficients that are significant on a 0.05 level are marked with *) 
 
 
Figure 4.5.1 illustrates the value and range of the model coefficient estimations for main 
attribute levels. The results demonstrate how different water types were perceived. It was 
hypothesized that people would prefer more traditional water programs and supplies, 
such as imported water and water efficiency programs, over alternative water supplies that 
are relatively new within large-scale programs. However, the aggregate population 
appeared to prefer water programs in the order of: desalination facilities, water efficiency 
programs, recycled water facilities, and imported water. A possible explanation for this is 
the recent construction and news of large-scale desalination facilities within California 
and Florida, notably the Carlsbad Desalination Plant and Tampa Bay Seawater 
Desalination Plants. However, the building of these plants was fairly controversial, with 
many members of the public and environmental groups speaking out against construction. 
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Environmental impact and energy requirements followed predicted negative linear trends, 
such that programs with high environmental impact and high energy requirements 
correlated with lower coefficient estimations. However, the relative preference between 
levels was not proportional. In both cases, the difference in preference between high and 
mid levels were much larger than that between low and mid levels. This suggests that the 
population significantly disfavored the high level, but were relatively more accepting of 
low and mid levels. It is important to note that for environmental impact in particular, 
respondents were informed that all programs still adhered to environmental regulatory 
standards regardless of the attribute level. 
 
Population preference for location was not entirely anticipated. It was predicted that 
respondents would prefer programs that were further away, as a program close to one’s 
residence may depreciate property value and attribute to other “not in my backyard” 
(NIMBY) effects. The overall results support this hypothesis. Yet there was very little 
differentiation between mid-range and far attribute levels. Beyond programs over 15 miles 
away, respondents did exhibit discernable preferences. In terms of capacity and cost, 
utilities for levels followed expected positive linear and negative linear trends, 
respectively. 
 
Some notable interactions include: Desalination Facility x Low Energy, Recycled Water 
Facility x 5% Increased Cost to Consumer, and Low/Mid Environmental Impact x Low 
Energy. Respondents had increased preferences when a desalination facility was 
combined with low energy. Similarly, respondents had increased preference for program 
profiles that had either low or mid environmental impact and low energy, which is not 
surprising. However, the negative preference for recycled water facility and low cost was 
unexpected, as it indicates there is an unfavorable effect of low cost with recycled water. A 
possible explanation for this is an increased level of mistrust in water quality and 
treatment effectiveness when cost is too low for recycled water, though there is no 
definitive justification for this presumption based on the results. 
 
The aggregated multinomial model was validated with a mixed logit model, shown in 
Table 4.5.3. HB estimations were conducted with 100,000 iterations and yielded both 
aggregate and individual level coefficient estimations. HB mean coefficient estimations for 
  
 
 
44 
the aggregate population matched relative attribute level preferences of the multinomial 
logit model (see Appendix). 
 
Aggregated average importance for attributes were calculated based on the range of 
coefficients calculated among attribute levels. This percentage indicates the weight 
respondents placed on their choices when comparing across attributes. A summary of 
attribute importance is shown in Table 4.5.4. 
 
According to coefficient estimates, cost and environmental impact were of highest 
importance to respondents. This is a noteworthy result, as it indicates that water program 
type, as previously hypothesized, is not a driving factor in respondent choice. Rather, 
known characteristics such as environmental impact and cost were the main drivers in 
choice. This indicates that other program attributes (and the specific level of the attribute 
that is present) is more significant than the type of program itself. If alternative water 
sources target these attributes and reduce in their cost and environmental impact, 
increased knowledge on their attribute levels may alleviate public bias against the water 
program type. 
 
Importance values for attributes show that location was of lowest priority for respondents 
when making their choices. This is somewhat surprising, as responses to the open-ended 
question on top three concerns later in the survey showed higher concern for location 
relative to capacity. These results cannot be directly compared to one another since the 
open-ended question was not replicated for imported water and water efficiency 
programs. But this does raise concerns on the extent to which respondents answered 
either question as they would in a real-world scenario.  
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Main Attribute Levels  Mean 
St. Err 
(Mean) St. Dev 
St. Err  
(St. Dev) 
None 0.200 0.157 3.929 0.637 
Program Type: Desalination Facility 0.265 0.082 0.315 0.096 
Program Type: Imported Water -0.318 0.088 0.441 0.149 
Program Type: Recycled Water Facility -0.157 0.092 0.680 0.201 
Capacity: 5 MGD -1.221 0.104 1.147 0.253 
Capacity: 10 MGD -0.086 0.073 0.188 0.057 
Capacity: 15 MGD 0.393 0.073 0.313 0.103 
Cost: 5% Increase Cost for Consumer 1.502 0.107 0.854 0.206 
Cost: 10% Increase Cost for Consumer 0.938 0.089 0.269 0.087 
Cost: 15% Increase Cost for Consumer 0.187 0.087 0.233 0.091 
Cost: 20% Increase Cost for Consumer -0.706 0.104 0.339 0.125 
Environmental Impact: Low 1.778 0.105 1.092 0.209 
Environmental Impact: Mid 0.654 0.082 0.450 0.113 
Energy Requirements: Low 0.779 0.072 0.353 0.087 
Energy Requirements: Mid 0.396 0.064 0.248 0.062 
Location: Close (<5 miles) -0.147 0.065 0.233 0.066 
Location: Mid-Range (<15 miles) 0.068 0.062 0.152 0.041 
Table 4.5.3: Hierarchical Bayes Coefficient Estimates of Program Attribute Levels  
with 100,000 iterations 
 
Attribute Importance Mean St Dev 
Program Type 0.086 0.051 
Capacity 0.161 0.074 
Cost 0.269 0.120 
Environmental Impact 0.304 0.109 
Energy Requirements 0.141 0.049 
Location 0.039 0.023 
Table 4.5.4: Importance Comparison of Water Program Attributes 
 
 
4.6 Comparing Subgroups: Estimate Coefficients 
The aggregated preference model was utilized to assess respondent preferences when 
respondents were placed into different subgroups according to answers to other questions 
within the survey, including demographic information. The purpose of this analysis was to 
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determine whether different groups of respondents, based off criteria such as self-stated 
familiarity with an alternative water source, showed different preferences in the conjoint 
questionnaire. It is important to note that comparisons between different groups can be 
used to differentiate relative preferences between attribute levels, but coefficient estimate 
values between groups cannot be directly compared for a specific level. 
 
Many of the population subgroups supported anticipated predictions that validated 
response consistency for individuals taking the survey. Respondents that disagreed when 
asked if recycled water “is safe to drink,” “is environmentally friendly,” or “is likely to be 
adopted” had lower coefficient estimates for recycled water facilities relative to other water 
program types compared to respondents that agreed with the statements. This result was 
mirrored for respondents that rated their likelihood for voting for a recycled water facility 
above an eight out of ten (see Appendix). 
 
Similarly, respondents that disagreed when asked if desalinated water “is safe to drink” 
had higher relative preference for water efficiency and imported water programs, yet still 
preferred a desalination facility over a recycled water facility. And participants that agreed 
that desalinated water “is likely to be adopted” had higher relative coefficient estimates 
compared to the disagree group. These results confirmed that many of respondent self-
stated views matched their conjoint preferences.  
 
Subgroup estimations also validated expected hypotheses on types of respondents that 
would prefer different water program types. Respondents that rated low (one to three out 
of ten) on whether they would vote in favor of a desalination plant in their community 
exhibited a convex relationship between cost levels and utility coefficients, while 
participants that responded with a higher rating showed a more linear or concave 
relationship (see Figure 4.6.1). This indicates that those more willing to vote in favor of 
desalinated water have higher preferences for both low and mid-range cost increases, but 
those less willing to vote in favor would only have high preference for low cost.  
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Figure 4.6.1: Coefficient Estimates for Cost (with st. error), Subgrouping Criteria: “How 
likely are you to vote in favor of using desalinated water as tap water in your community?”  
(Note: Ranked on a scale of 1 to 10, with 10=very familiar. Comparisons between groups can differentiate relative preference 
among attribute levels, but coefficient estimates for a specific level cannot be directly compared between groups.) 
 
 
Figure 4.6.2: Coefficient Estimates for Water Program Type (with st. error), Subgrouping 
Criteria: “Water conservation is important to my community.” 
(Note: Comparisons between groups can differentiate relative preferences among attribute levels, but coefficient estimates 
for a specific level cannot be directly compared between groups.) 
 
Individuals that agreed with the statement “water conservation is important to my 
community” showed slightly lower relative preference for imported water compared to 
individuals that disagreed with this statement. Likewise, respondents that disagreed that 
their current tap water “is reliable” showed relative lower preference for imported water 
and water efficiency, but higher preference for recycled water (see Figure 4.6.2 and Figure 
4.6.3). These results indicate that public openness to alternative water sources may be 
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related to how important the community views water conservation, as well as level of trust 
and reliability in traditional water supplies. 
 
 
Figure 4.6.3: Coefficient Estimates for Water Program Type (with st. error), Subgrouping 
Criteria: Current Tap Water “is reliable” 
(Note: Comparisons between groups can differentiate relative preferences among attribute levels, but coefficient estimates 
for a specific level cannot be directly compared between groups.) 
 
It was hypothesized that respondents with greater familiarity with desalinated and 
recycled water would have higher preference for those respective water program types, 
despite other attribute levels. This result was confirmed for recycled water. Respondents 
that indicated they were familiar (“very familiar and have studied or worked on it before” 
or “know the basics of this and how it works”) had higher relative preference for recycled 
water compared to groups that indicated they were somewhat familiar (“have heard of 
this, but do not know much about it”) or not familiar (“have not heard of this/don’t 
know”), shown in Figure 4.6.4. Similar results were found when respondents were asked 
to score their familiarity on a scale of one to ten (see Figure 4.6.5). This suggests that 
knowledge and familiarity may impact on the extent to which individuals prefer recycled 
water facilities. 
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Figure 4.6.4: Coefficient Estimates for Water Program Type (with st. error), Subgrouping 
Criteria: “How familiar are you with recycled water facilities?” 
(Note: Comparisons between groups can differentiate relative preferences among attribute levels, but coefficient estimates 
for a specific level cannot be directly compared between groups.) 
 
 
Figure 4.6.5: Coefficient Estimates for Water Program Type (with st. error), Subgrouping 
Criteria: “How familiar are you with recycled water facilities?” 
(Note: Ranked on a scale of 1 to 10, with 10=very familiar. Comparisons between groups can differentiate relative preference 
among attribute levels, but coefficient estimates for a specific level cannot be directly compared between groups.) 
 
This was not completely confirmed with desalination facilities, as coefficient estimates 
between subgroups can be compared in their relative values with other levels in the 
attribute, but not directly with the numerical coefficient estimate, and desalination was 
consistently ranked above the other water program types. However, results did show that 
the group indicating they were not familiar (“have not heard of this/don’t know”) about 
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desalination showed lower relative preference in desalination facilities compared to water 
efficiency, while the other groups did not (see Figure 4.6.6). 
 
 
Figure 4.6.6: Coefficient Estimates for Water Program Type (with st. error), Subgrouping 
Criteria: “How familiar are you with recycled water facilities?” 
(Note: Comparisons between groups can differentiate relative preferences among attribute levels, but coefficient estimates 
for a specific level cannot be directly compared between groups.) 
 
With regards to demographic information, respondents with varying state of residence, 
highest degree earned, and field of study differed in relative attribute level preference. 
Residents of California and Texas had similar preferences in program type (rank order: 
desalination facility, water efficiency program, recycled water facility, imported water), 
but residents from Florida had a strong, negative relative preference for recycled water 
facilities. Respondents without advanced degrees beyond a high school diploma/GED 
equivalent had lower preference for desalination facilities (see Appendix for related 
figures). Unlike previous studies [39], gender did not greatly influence preferences among 
attributes levels.  
 
4.7 Comparing Subgroups: Individual Importance 
Importance of attributes was analyzed according to different subgroups in order to 
determine preferences between attributes, as opposed to within attributes levels in 
Chapter 4.6. This allowed for a different perspective on subgroup preference 
differentiation. Correlations between individual importance values from HB coefficient 
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estimates and responses to other answers within the survey were identified using an 
ANOVA test.  
 
Results from this analysis are summarized below (see Appendix for boxplots). A low Pr 
value, probability of the observed value, represents high statistical significance. 
 
Correlation (Importance X Question) Pr value 
Importance of Water Program Type X “Current water is expensive” 0.0336 
Importance of Capacity X Highest Degree Earned 0. 0285 
Importance of Cost X “How likely are you to vote for using desalinated 
water as tap water in your community” 
0. 0061 
Importance of Energy Requirements X “Have you ever used or do you 
currently use desalinated water? 
0.0104 
Importance of Location X “Desalination is likely to be adopted in my 
community” 
0.0134 
Table 4.7.1: Individual Importance Subgroup Correlations  
 
Results revealed various correlations between respondent importance of attributes and 
answers to other parts of the survey. Notable results include the importance of cost on 
respondent likeliness to vote for using desalinated water as tap water. Higher importance 
for cost was associated with participants that were not likely to vote in favor of desalinated 
water. In terms of water program type, higher importance was correlated with 
respondents that perceived their current tap water as expensive. Furthermore, higher 
importance was placed on energy requirements for respondents that were unsure of their 
previous experience with desalinated water.  
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Chapter 5 
 
Discussion 
 
 
This thesis presents the use of an online survey to investigate public perception on water 
conservation programs, specifically alternative water source programs, using choice-based 
conjoint. Self-reported familiarity, willingness to use, general perceptions of different 
water source and water conservation programs, and demographic information were 
utilized in order to identify groups of people that may be more or less willing to accept 
water from desalination and recycled water sources. Respondents were confined to states 
of California, Florida and Texas, areas in the U.S. where the adoption of such water 
programs has become increasingly relevant. 
 
The three research questions presented at the start are as follows: 
1. How can we assess differences in public perception of alternative water sources? 
2. What design attributes are most valued when choosing an alternative water source 
programs and how does this compare when choosing amongst a broader set of 
traditional water source and conservation programs? 
3. What is the relationship, if any, between people’s preference and their familiarity, 
willingness to use, and general perceptions of alternative water sources? 
 
Conjoint analysis was used in conjunction with general stated preference questions to 
assess differences in public perception. Multinomial and mixed logit models were created 
to analyze respondent preferences between attribute levels, and importance values were 
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utilized to measure preferences across attributes. These models allowed us to determine 
respondent preferences on both an aggregate and individual level.  
 
On the aggregate level, the population preferred desalination facilities and water efficiency 
programs highly and disfavored imported water and recycled water. However, traditional 
water programs often use imported water piped from outside sources. This result may 
signify public desire to potentially become more self-reliant in their water supplies. 
Furthermore, according to the open-ended questions on top three concerns of desalination 
and recycled water facilities, respondents seemed to place highest significance on financial 
cost, water quality and safety, and environmental impact for both water types. This was 
supported by the simulated individual preferences in the HB estimation, which revealed 
high importance for attributes including cost experienced by the consumer and 
environmental impact.  
 
The findings of this study disclose how increased weight is placed on specific program 
characteristics, as opposed to the type of program itself and perhaps connotations 
associated with program type. When choosing amongst a broader set of programs, water 
type unexpectedly had a low importance value compared to environmental impact and 
cost. Capacity and energy requirements were moderately important across respondents. 
Location appeared to be of lowest importance, though this was inconsistent with 
respondent answers to the open-ended question on top concerns with alternative water 
sources.  
 
Organizing respondents within different subgroups supported the hypothesis that 
increased familiarity in an alternative water source generally increases public preference 
f0r the source, especially for recycled water. Moreover, individuals that are do not believe 
their current tap water is reliable, an indication of perceptions on water need, have higher 
preference for desalination and recycled water facilities relative to imported water and 
water efficiency programs. Among states, residents of California and Texas appeared to 
have similar preferences in water program type, while Florida had relatively lower 
preference for recycled water facilities. Finally, profiles between respondents that scored 
highly on likelihood of use for desalinated and recycled water were not strongly correlated, 
indicating that these groups are largely separate. 
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5.1 Limitations 
The results of the study are limited to the population that was surveyed and may not be 
representative of the overall population within California, Florida, and Texas. The limited 
sample size came entirely from Amazon Mechanical Turk, preventing all levels of 
demographic information from being represented equally. 
 
Because the survey was distributed online to remote participants and because there was 
financial incentive for participants to complete the tasks as quickly as possible, there was 
not a consistent measure of respondent focus and understanding of the terms used within 
the survey. Future studies should incorporate additional test questions to measure the 
level of understanding respondents had on the conjoint attribute levels on top of the 
consistency and quality control questions included in the study. 
 
This study was also limited by the amount detail possible in the conjoint, given limitations 
in population size, number of attribute levels, and tiredness experienced by respondents. 
Though questions on familiarity were asked for other water conservation and 
management programs, including water pricing policy, education programs, and water use 
and restrictions, and leak detection and repair, these programs could not be tested in the 
conjoint due to lack of consistency among relevant attributes. Furthermore, the study 
assumed that responses in the conjoint would reflect public real-world responses, which 
may not be the case if public concern is voiced through active attendance to public 
hearings. 
 
Due to the layout of the survey, some answers may inevitable be influenced by exposure to 
previous questions. This was minimized as much as possible during survey design, such 
that questions focused on desalination and recycled water were placed at the end of the 
survey to avoid biases in favor of these programs within the conjoint. However, first 
impressions could not be incorporated in questions, such as the open-ended response of 
top three concerns, before defining relevant terminology that respondents might not have 
previously known. The study made the assumption that respondents would inform 
themselves of these terms when assessing their true opinion in real life. 
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5.2 Future Work 
Results of this study reveal more questions that could be answered in future studies. The 
scope of this study could be expanded in order to encompass a more general 
understanding of public perspectives on water conservation as a whole. There are more 
opportunities to investigate public preferences among additional water program types to 
best assess preferences for a slew of choices exhibited in a real-world setting. The conjoint 
may even be reframed entirely to analyze the impact of this conjoint framework in biasing 
respondent preferences. In addition, a wider range of attribute levels, or entirely different 
attributes themselves, can be further assessed. 
 
Future studies may also narrow in scope to answer questions revealed within the results of 
this study or be made more realistic in order to validate findings within this study. 
Possible research topics include: (1) identification of reasons for the water quality and 
safety concerns for recycled water (whether it be trust in technology, general lack of 
favorability in reusing wastewater, and so on) that are not exhibited in desalinated water 
and (2) role play the discourse within public hearings to determine whether choices within 
the conjoint are indicative to a more real-world setting. Finally, this study can be 
replicated in order to validate the results.  
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Appendix 
 
 
A.1  Example Stakeholder Framework 
 
Figure A.1.1: Example Stakeholder Framework 
 
 
 
Environmental Groups Public Agencies 
Private Industry 
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A.2  Example Survey Questions 
(Example Questions from Part 1)
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(Example Questions from Part 3) 
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(Example Questions from Part 4)
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(Example Questions from Part 5) 
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A.3 Comparative Perceptions on Water Conservation 
 
Figure A.3.1: Comparative Perceptions on Water Conservation Statement: “Water 
conservation is very important to my community.”  
(p-value = 0.0060) 
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Figure A.3.2: Comparative Perceptions on Water Conservation Statement: “My 
community is in risk of water shortage.”   
(p-value = 0.0005) 
 
A.4  Likelihood of Water Use  
 
Figure A.4.1: Respondent Familiarity with Alternative Water Sources 
(Total respondents: 306) 
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Figure A.4.2: Desalination Likelihood of Use for Desalinated Water 
 
 
Figure A.4.3: Desalination Likelihood of Use for Recycled Water 
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Figure A.4.4: Desalination Likelihood of Use for Current Tap Water 
 
A.5  Demographic Correlations with Likelihood of Water Use 
 
Figure A.5.1: Desalination Likelihood of Use for Bathing/Showering Based on Respondent 
Age 
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Figure A.5.2: Desalination Likelihood of Use for Cooking Based on Respondent Age 
 
Figure A.5.3: Desalination Likelihood Overall Based on Respondent Age 
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Figure A.5.4: Recycled Water Likelihood of Use for Drinking Based on Respondent Field 
of Study  
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A.6  Hierarchical Bayes Estimation of Attribute Coefficients 
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A.7  Comparing Subgroups: Coefficient Estimates 
 
Figure A.7.1. Coefficient Estimates for Water Program Type (with st. error), Subgrouping 
Criteria: Recycled Water “is safe to drink” 
(Note: Comparisons between groups can differentiate relative preferences among attribute levels, but coefficient estimates 
for a specific level cannot be directly compared between groups.) 
 
 
 
Figure A.7.2. Coefficient Estimates for Water Program Type (with st. error), Subgrouping 
Criteria: Recycled Water “is environmentally friendly” 
(Note: Comparisons between groups can differentiate relative preferences among attribute levels, but coefficient estimates 
for a specific level cannot be directly compared between groups.) 
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Figure A.7.3. Coefficient Estimates for Water Program Type (with st. error), Subgrouping 
Criteria: Recycled Water “is likely to be adopted” 
(Note: Comparisons between groups can differentiate relative preferences among attribute levels, but coefficient estimates 
for a specific level cannot be directly compared between groups.) 
 
 
Figure A.7.4. Coefficient Estimates for Water Program Type (with st. error), Subgrouping 
Criteria: Desalinated Water “is safe to drink” 
(Note: Comparisons between groups can differentiate relative preferences among attribute levels, but coefficient estimates 
for a specific level cannot be directly compared between groups.) 
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Figure A.7.5. Coefficient Estimates for Water Program Type (with st. error), Subgrouping 
Criteria: “How likely are you to vote in favor of using recycled water as tap water in your 
community?”  
(scale of 1 to 10) 
(Note: Comparisons between groups can differentiate relative preferences among attribute levels, but coefficient estimates 
for a specific level cannot be directly compared between groups.) 
 
 
Figure A.7.5. Coefficient Estimates for Water Program Type (with st. error), Subgrouping 
Criteria: Desalinated Water “is likely to be adopted” 
(Note: Comparisons between groups can differentiate relative preferences among attribute levels, but coefficient estimates 
for a specific level cannot be directly compared between groups.) 
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Figure A.7.7. Coefficient Estimates for Water Program Type (with st. error), Subgrouping 
Criteria: State of Residence 
(Note: Comparisons between groups can differentiate relative preferences among attribute levels, but coefficient estimates 
for a specific level cannot be directly compared between groups.) 
 
 
Figure A.7.8. Coefficient Estimates for Water Program Type (with st. error), Subgrouping 
Criteria: Highest Degree Attained 
(Note: Comparisons between groups can differentiate relative preferences among attribute levels, but coefficient estimates 
for a specific level cannot be directly compared between groups.) 
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3.6 A.8  Comparing Subgroups: Attribute Importance 
 
Figure A.8.1. Importance of Water Program Type X “Current water is expensive” 
 
 
Figure A.8.2. Importance of Capacity X Highest Degree Earned 
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Figure A.8.3. Importance of Cost X “How likely are you to vote for using desalinated water 
as tap water in your community” 
 
 
Figure A.8.4. Importance of Energy Requirements X “Have you ever used or do you 
currently use desalinated water? 
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Figure A.8.5. Importance of Location X “Desalination is likely to be adopted in my 
community” 
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